The effects of fluoride on the tonoplast type ATPase and transport activities associated with sealed membrane vesicles isolated from sugarbeet (Beta vulgaris L.) storage tissue were examined. This anion had two distinct effects upon the proton-pumping vesicles. When ATP hydrolysis was measured in the presence of gramicidin D, significant inhibition (approximately 50%) only occurred when the fluoride concentration approached 50 millimolar. In contrast, the same degree of inhibition of proton transport occurred when the fluoride concentration was about 24 millimolar. Effects on proton pumping at this concentration of fluoride could be attributed to an inhibition of chloride movement which serves to dissipate the vesicle membrane potential. Valinomycin could partially restore ATPase activity in sealed vesicles which were inhibited by fluoride and this restoration occurred with a reduction in the membrane potential. Fluoride demonstrated a competitive interaction with chloride-stimulation of proton transport and inhibited the uptake of radioactive chloride into sealed vesicles. When the vesicles were allowed to develop a pH gradient in the absence of KCI, and KCI was subsequently added, fluoride reduced enhancement of the existing pH gradient by KCI. The results are consistent with a chloride carrier that is inhibited by fluoride.
Fluoride is widely distributed throughout the environment and is naturally found in varying amounts in rocks, soils, gases from volcanoes, and water (15 and references therein). Due primarily to the expansion of industrialization, atmospheric fluoride contamination (mainly present as HF) has increased until, in some areas, toxicity has occurred in both plants and animals (15) . The exposure of plant life to high levels of fluoride has been shown to inhibit many basic plant processes (7, 12) . Fluoride accumulation in plant tissues is often accompanied by visible signs of damage, including necrosis ofleaftissue, chlorosis, and an overall reduction in growth (21) . The physiological responses of plants to excess fluoride include reduced seed germination (21) , impaired carbohydrate metabolism (13) , abnormal respiration (15) , and decreased oxidative phosphorylation (24) . In addition, direct effects of fluoride upon enzymes involved in energy transduction have been observed. Pushnik and Miller (18) demonstrated that fluoride directly inhibited the mitochondrial ATPase while Giannini (10) demonstrated a similar inhibitory effect of fluoride upon the isolated chloroplast ATPase.
Recent work by Wang and Sze (22) has suggested that although the F, and tonoplast ATPases present in plant cells represent two distinct types of transport pumps, they may share common steps in their catalytic and vectorial reaction mechanism. Because of the observed direct effects of fluoride upon F1 type ATPases, it was of interest to examine fluoride effects upon the tonoplast type ATPase. This would also be relevant to fluoride toxicity since ultrastructural studies on the effects of fluoride in soybean leaves have shown that the tonoplast represents a major site for damage in response to fluoride exposure (23) . Previous studies (5, 6 ) by this laboratory have demonstrated the feasibility of using sealed vesicles isolated from sugarbeet taproot as a system to examine tonoplast transport processes. In this communication, the effects of fluoride upon ATPase activity and related transport functions were tested.
MATERIALS AND METHODS Plant Material. Sugarbeets (Beta vulgaris L., var GWD-2) were greenhouse grown in 3.5 gallon pots. Nutrient solution (Monsanto) was applied twice a week and natural light was supplemented with fluorescent lamps. Following harvest, the tops ofthe plants were removed and the storage roots were maintained at 4°C until use.
Isolation of Membrane Vesicles. Sealed membrane vesicles were isolated as described by Briskin et al. (5) . The vesicles were removed from the 6% (w/w) dextran interface and diluted with 250 mm sorbitol, 1 mm BTP'-Mes (pH 7.2), 1 mm DTE to a protein concentration of about 0.5 mg/ml prior to use.
Enzyme Assays. Adenosine triphosphatase activity was measured in a 1.0 ml reaction volume containing 0.1 ml ofmembrane suspension and the released Pi was determined by the method of Ohnishi et al. (16) . The standard assay was run at 25C and contained 5 mm ATP (BTP salt, pH 7.2), 5 mM MgSO4, 10 mM KCl, 50 AM Na3VO4, 250 mm sorbitol, and 25 mM BTP-Mes (pH 7.2). When it was desirable to dissipate proton electrochemical gradients during the assay, 5 AM gramicidin D was included.
Orthovanadate was included in the assays to reduce the level of plasma membrane ATPase present as a contaminant in these preparations (5) .
Optical Measurement of the Vesicle pH Gradient and Membrane Potential. Proton transport in sealed membrane vesicles was measured by the quenching of quinacrine fluorescence (5) . The standard assay contained 250 mM sorbitol, 5 mm ATP (BTP salt, pH 7.2), 5 mm MgSO4, 5 ,M quinacrine, 10 mm KCI, and 25 mm BTP-Mes (pH 7.2). The fluorescence measurements were made at room temperature (25°C) with a Perkin-Elmer LS-5 spectrofluorimeter with the excitation set at 430 nm and the emission set at 500 nm.
The production of a vesicle membrane potential was monitored by the quenching of Oxonol V fluorescence (5, 19 (5) . Although these preparations also contain plasma membrane ATPase activity, these vesicles are not competent in mediating H+ transport. To allow comparisons between ATP hydrolytic activity and transport in these studies, 50 gM Na3VO4 was included in all ATPase assays to reduce the level of plasma membrane ATPase (9, 17) . When it was desirable to distinguish direct effects upon the ATPase from transport related effects, gramicidin D was also included in the assay. For both the assay of proton transport and ATPase activity, KCI was present at 10 mm which was suboptimal for this system (5) . This was done in order to enhance the fluoride effects which are competitive with chloride effects upon proton transport (see next section).
As shown in Figure 1 , fluoride reduced proton transport and directly inhibited ATPase activity (i.e. gramicidin present). However, the concentration dependence of these effects was different. Proton transport showed a greater sensitivity to the presence of the anion than ATP hydrolytic activity which required fluoride concentrations close to 50 mm to give 50% inhibition. These two distinct effects that fluoride had upon the tonoplast type ATPase were further examined by measuring ATPase activity under various conditions in sealed membrane vesicles and vesicles made leaky by treatment wtih gramicidin D (Table I ). In sealed membrane vesicles, ATPase activity which was inhibited by 50 mm fluoride could be partially restored in the presence of 5 mM valinomycin. Almost complete restoration of ATPase activity with valinomycin occuffed when the fluoride concentration was 20 mm, a concentration level where H+-transport was substantially affected but ATPase activity (gramicidin D present) was only minimally affected by the anion (Fig. 1) . In contrast, valinomycin had little or no effect on restoring ATPase activity which was inhibited by fluoride in vesicles made leaky by treatment with gramicidin D (Table I) . This would be consistent with at least a portion of the fluoride inhibitory effect of this concentration resulting from a blockage of charge compensation.
Another means to examine fluoride effects upon chloride mediated charge compensation is a method presented by Lew and Spanswick (1 1). This involves setting up a proton electrochemical gradient across the vesicle membrane which is dominated by the membrane potential component. The addition of chloride (as KCI) at this point yields a rapid increase in the measured pH gradient with a reduction in the membrane potential due to electrophoresis of this anion into the interior of the vesicle (1 1). When this technique was carried out with the isolated sugarbeet vesicles, fluoride caused a reduction in the degree of KCI stimulation of the measured pH gradient (Fig. 4) . This occurred at levels where direct inhibition of ATP hydrolytic activity is minimal (Fig. 1) suggesting 70% reduction in transport was observed in the presence of 20 mM BTP F (Table II) . The uptake of chloride was ATP dependent and sensitive to CCCP. This latter observation confirms the proposal that chloride transport is driven by the proton electrochemical (At) gradient. These results concerning the energization of 3Cl-uptake into tonoplast derived vesicles from sugarbeet were similar to those obtained by Mettler et 
